The northeast U.S. extratropical cyclone of 8-9 February 2013 produced blizzard 40 conditions and over 0.6-0.9 m (2-3 feet) of snow from Long Island through eastern New 41
subsequent extreme snowfall rates of 7.5-10 cm h -1 (3-4 in h -1 ), occurred during the 63 evening rush hour, stranding hundreds of cars on major highways. After the storm, a 64 federal state of emergency was declared for Connecticut, and a federal disaster 65 declaration was made for Connecticut and Long Island. 66
The heaviest snow fell within an intense band detected by the operational NWS 67 radar network (Fig. 2 ). Although such bands are relatively common in the comma head of 68 northeast U.S. cyclones (e.g., Nicosia and Grumm 1999; Novak et al. 2004 Novak et al. , 2006 Novak et al. , 2008 Novak et al. , 69 2009 Novak et al. , 2010 , the radar reflectivity factor at horizontal polarization Z H (referred to as 70 simply reflectivity in the remaining text) in the band during the 8-9 February 2013 storm 71 exceeded 55 dBZ, with isolated pockets nearing 60 dBZ. This reflectivity was 72 substantially higher than the 30-40 dBZ found in snowbands in many other northeast 73 U.S. cyclones (e.g., Figs. 3, 8, and 13 in Nicosia and Grumm 1999; Fig. 3 in Clark et al. 74 2002; Fig. 2 in Novak et al. 2004; Figs. 1 and 9 in Jurewicz and Evans 2004; Figs. 18-19 75 in Novak et al. 2006; Fig. 4 in Novak et al. 2008; Fig. 2c in Novak et al. 2009; Fig. 2a in 76 Novak et al. 2010; Figs. 3 and 11 in Stark et al. 2013) . In fact, a minimum reflectivity 77 threshold of 40 dBZ has been used for convection in the severe storms community (Clark 78 et al. 2012) , which also speaks to the intensity of the observed 55-dBZ band. 79
Furthermore, within an hour, the reflectivity values of the band rapidly decreased to 80 observed gust to 34 m s -1 at Boston Logan International Airport. The near-surface 131 temperature was near or below freezing and decreasing due to diabatic cooling and cold 132 advection over much of the northeast United States, ensuring that most precipitation 133 would be frozen. 134
Heavy precipitation to the northwest of the surface cyclone at 0000 UTC 9 135
February occurred in a band of the type described by Novak et al. (2004) (Fig. 2) . The 136 ascending branch of the secondary circulation associated with Petterssen (1936) 137 frontogenesis ( Fig. 5) , as described by Eliassen (1962) and Keyser et al. (1988) , was 138 aligned with the band. The 700-hPa frontogenesis at 0000 UTC exceeded 3 K (100 km 3 139 h) -1 along a band extending from Cape Cod to eastern Long Island (Fig. 5 ). The air above 140 the frontal zone was characterized by regions of weak symmetric stability and conditional 141 instability, ensuring robust ascent (not shown). 142 143 MICROPHYSICAL EVOLUTION OF THE BAND. We focus on three periods of 144 precipitation over Long Island: 1) snow and sleet (2000-2300 UTC 8 February), 2) snow 145 and sleet characterized by heavy riming and hydrometeor diversity (2300 UTC 8 146
February to 0200 UTC 9 February), and 3) less-dense snow coinciding with decreasing 147 radar reflectivity Z H (0200-0400 UTC 9 February). 148 149 of the northern half of Long Island (Table 2 ; Fig. 6 ). On the south shore of Long Island, a 152 mix of heavy sleet, snow, and even rain at times was common, with several inches of 153 sleet accumulation (personal communication with an NWS employee). When analyzed in 154 tandem, the fields of differential reflectivity (Z DR ) and correlation coefficient (CC) from 155 the dual-polarization radar exhibit two areas of mixed-phase hydrometeors (Fig. 6) . 156
The first area (labeled "1" in Fig. 6 ) indicated melting snow aloft as it was falling 157 through a warm layer. The increases in Z and Z DR in this area were typical of a melting 158 layer with water-coated ice, and the decrease in CC was a result of the diversity of 159 hydrometeors and presence of non-Rayleigh scattering due to large, melting-snow 160
aggregates (e.g., Zrnić et al. 1993; Ryzhkov and Zrnić 1998; Trömel et al. 2013; Kumjian 161 2013a,b) . 162
The second area (labeled "2" along a line of Z H > 45 dBZ, Z DR > 2 dB, and CC < 163 0.85) was likely indicating mixed-phase precipitation below the melting layer (at about 164 600 m AGL). Indeed, this feature was similar to the re-freezing signature documented by 165 Kumjian et al. (2013) and was likely an indication of rain re-freezing into sleet just above 166 the surface. Similar to area 1, the substantial decrease in CC was due to a diversity of 167 hydrometeors in a mix of liquid and ice, as well as further non-Rayleigh scattering. The 168 highest reflectivity (Z H > 50 dBZ) was located just north of the highest Z DR . In this area, 169 Z DR was lower, but still elevated (around 0.5-1 dB) and CC was less than 0.95, indicative 170 of a mixture of ice and some liquid. Therefore, dual-polarization data show that the 171 highest reflectivity at this time was not a result of pure snow, but a potential mixture of 172 sleet, rain, and snow. 173
Traditionally, with a single-polarization radar and knowledge of the temperature 174 profile, a forecaster would likely assume the enhanced reflectivity was a bright-band 175 signature from melting hydrometeors, but would be unsure of the precipitation type at the 176 surface. For example, the enhanced reflectivity may simply have been rain or a rain-177 snow mix, lessening expected snow totals. However, forecasters familiar with dual-178 polarization radar signatures were able to identify extreme snowfall rates and areas of 179 heavy sleet with confidence. This information was valuable to key users in emergency 180 management and broadcast media, based upon feedback provided to the NWS office. 181 182
Heavy riming and extreme hydrometeor diversity: 2300 UTC 8 February to 0200 UTC 183

February 184
Surface observations after 2300 UTC indicated mixed precipitation falling as far 185 north as southern Connecticut (Fig. 7) , and in-situ observations from Stony Brook 186 University showed that snow-to-liquid ratios fell from 13:1 around 2200 UTC to only 4:1 187 around 0000 UTC, when heavily-rimed snow and ice pellets were observed (Table 2; Fig.  188 8a). Additionally, Connecticut media (R. Hanrahan 2013, personal communication) 189 described some of the precipitation around 0030-0200 UTC as "large sleet" resembling 190 pea-sized hail (Fig. 7) . 191
By 0042 UTC, region 1 shrank and region 2 expanded ( Table 1 ), similar to the observed 222 values in Fig. 9 . Observations at Stony Brook University supported the transition to dry 223 snow, as indicated by a decrease in riming, more stellar types (Fig. 8b) , an increase in 224 snow-to-liquid ratio to over 10:1 by 0300 UTC, and a persistence of heavy snowfall rates 225 (Table 2) . 226
Thus the rapid decrease in reflectivity was due to a transition from higher-density 227 precipitation (heavily-rimed snow, sleet, graupel, very small hail, rain and melting 228 hydrometeors) to lower-density snow aggregates. In turn, the lower density of these 229 aggregates resulted in less energy returned to the radar, which decreased reflectivity. 230 Such a transition in hydrometeor types would be difficult for a forecaster to determine 231 without the aid of dual-polarization radar data. This crucial data source enabled 232 forecasters to maintain situational awareness of intense snowfall and relay these near-233 term updates to emergency managers. Additionally, this case exhibits the value of such 234 information for aviation, in which accurate precipitation-type and resultant visibility 235 forecasts are critical for the mitigation of delays and cancellations. 
